During a survey of methylotrophic yeasts in natural habitats in Hungary, the yeast community associated with the exudates of white poplar (Populus alba) was found to be unique among the tree exudates hitherto investigated. Nineteen methanolassimilating yeast strains representing an undescribed ascomycetous species were isolated from tree exudates of P. alba collected at different locations in Hungary. Analysis of the D1/D2 large subunit rRNA gene sequences placed the strains in the Ogataea clade and the new species is described as Ogataea populialbae. The type culture is NCAIM Y.01853 T (CBS 11363, NRRL Y-48632).
Introduction
The genus Ogataea has been expanded quickly, since it was proposed by Yamada et al. (1994) , and now it contains 4 20 species. The latest developments include the description of Ogataea paradorogensis (Nakase et al., 2008) , Ogataea neopini and Ogataea corticis (Nagatsuka et al., 2008) . The latter authors transferred Pichia zsoltii, Pichia dorogensis and Pichia trehaloabstinens to Ogataea and also proposed the emendation of the genus concerning the number of ascospores per ascus to allow the inclusion of O. corticis, which may contain more than four spores per ascus.
Many tree species show the phenomenon of fluxing -the flowing of tree sap from a wound. The flowing sap becomes heavily infected with bacteria, yeasts and protozoa. Many insects find tree exudates an attractive site for oviposition as well as feeding (Phaff & Starmer, 1987) . Insects, especially Drosophila, were found to be significant vectors of yeasts and bacteria in a temperate forest (Gilbert, 1980) . Phaff & Starmer (1987) listed some methylotrophic species: Komagataella (Pichia) pastoris, Pichia trehalophila and Pichia naganishii among the tree flux-inhabiting yeasts. Some strains mentioned in the original description of Candida succiphila (Lee & Komagata, 1980) were also recovered from tree saps. In the last decade, several new methanol-assimilating yeast species were described based on sets of strains originating exclusively or partly from tree exudates: Ogataea (Pichia) trehaloabstinens , Ogataea falcaomoraisii (Morais et al., 2004) , Ogataea (Pichia) siamensis (Limtong et al., 2004) , Komagataella phaffii (Kurtzman, 2005) and Candida floccosa (Péter et al., 2006) . Dlauchy et al. (2003) observed that in the case of tree exudates, the enrichment technique yielded methanol-assimilating yeast strains in several cases, where their number was otherwise too low to allow their isolation using the direct surfaceplating technique. Some of the above-mentioned new species were also recovered following enrichment procedures utilizing methanol-containing broth.
During a survey of methylotrophic yeasts in natural habitats in Hungary, 19 strains of an undescribed species were isolated from exudates of white poplar (Populus alba, Salicaceae). In this paper, we propose Ogataea populialbae Péter, Tornai-Lehoczki & Dlauchy sp. nov. to accommodate these strains.
Materials and methods
The strains considered in this study are listed in Table 1 . The tree exudates were sampled with sterile cotton swabs in 2005, 2007 and 2008 . Yeast strains were isolated following a two-step enrichment procedure in yeast nitrogen base supplemented with 0.5% (v/v) methanol as described by Dlauchy et al. (2003) . Phenotypic characterization of the yeast strains was carried out according to Yarrow (1998) . Sporulation was investigated on acetate (1.4% sodium acetate, 0.04% glucose), cornmeal, 'spezieller nahrstoffarmer agar' (SNA) (0.1% KH 2 PO 4 , 0.1% KNO 3 , 0.05% MgSO 4 Á 7H 2 O, 0.05% KCl, 0.02% glucose, 0.02% sucrose and 2% agar), potato dextrose, 2% malt extract, glucosepeptone-yeast extract, yeast extract-malt extract and V8 agars at 25 1C for 3 weeks. If no spores were observed at this temperature, the sporulation was tested at 15 1C as well.
The D1/D2 domain of the large subunit (26S) rRNA gene from all strains was sequenced as described by Kurtzman & Robnett (1998) . The sequence similarity search was performed against the GenBank sequence database using the BLASTN 2.2.18 database search program (Altschul et al., 1997) . The sequences generated during this study along with the sequences of related species retrieved from GenBank were aligned and a phylogenetic tree was constructed by the neighbor-joining method (Saitou & Nei, 1987) using the CLUSTALX 1.83 program (Thompson et al., 1997) . Saccharomyces cerevisiae was used as a designated outgroup. Bootstrap support for the tree was determined from 1000 replications.
Results and discussion
The proposed new species belongs to the Ogataea clade and is phylogenetically well separated from the other species of this group (Fig. 1) . The 19 investigated strains share an identical sequence in the D1/D2 region of the LSU rRNA gene (GenBank accession number: EU872172). In terms of pairwise sequence similarity, the closest recognized species is Ogataea wickerhamii; however, the two species exhibit 4 3% sequence divergence. The sequence similarity search performed against the GenBank sequence database and the phylogenetic tree depicted in Fig. 1 indicates that the new species, O. populialbae, is more closely related to strain UWO(PS)00-149.2 representing an undescribed Candida species than to O. wickerhamii. However, still the new species differs from UWO(PS)00-149.2 by 12 substitutions and two indels in the 565-nucleotide-long D1/D2 region. This sequence divergence according to the guideline of Kurtzman & Robnett (1998) supports the hypothesis that the strains listed in Table 1 represent a new yeast species.
Phenotypic characteristics distinguishing O. populialbae from some closely related species are shown in Table 2 .
The propensity of sporulation was found to be variable among the 19 investigated strains. It ranged from sporulation on all the media tested (strain NCAIM Y.01853 T ) to the absence of sporulation (strain NCAIM Y.01877). As no heterogamous conjugation was observed, the sporulation of monosporic cultures obtained by micromanipulation from four-spored asci of the vigorously sporulating strain NCAIM Y.01853
T was also investigated. Single spore isolates from four-spored asci were sporogenous, suggesting homothallism. Despite the vigorous sporulation of the parent strain, the monosporic cultures as well as their mixtures sporulated extremely poorly and only on SNA and/or V8 agars after 4 weeks incubation at 25 1C.
The first six strains of O. populialbae were isolated from P. alba exudates collected in Fülöpháza and Izsák, located some 60-70 km southeast from Budapest on the Great Hungarian Plain, in 2005 and in 2007. Ogataea populialbae was not recovered during our earlier collections in Hungary; however, exudates from P. alba were not sampled previously. As in our previous surveys, the majority of the tree exudates were collected in the Pilis Mountains (Péter et al., , 2006 ; white poplars in and near this area were sought to decide whether O. populialbae associates with this tree or not. In 2008, several fluxing P. alba trees were found on the Szentendre Island embraced by the river Danube and located just at the Eastern foot of the Pilis Mountains, about 100-110 km away from the collection sites on the Great Plain. Unlike the sympatric trees sampled earlier in the Pilis Mountains, the majority of the tree exudate samples collected from P. alba on the Szentendre Island in 2008 contained O. populialbae. Altogether, from the 31 P. alba exudates (collected on the Great Hungarian Plain and on the Szentendre Island), following the two-step enrichment in methanol-containing broth, 24 yielded methylotrophic yeasts and 27 strains were obtained. In addition to the 19 strains representing the new species, five Candida boidinii and two Komagataella pseudopastoris strains were recovered while one strain is still unidentified. The high abundance of O. populialbae in the exudates of P. alba and its absence in the exudates of other sympatric tree species sampled suggests that the exudates of P. alba provide a selective habitat for the colonizing yeasts. Lachance et al. (2001) that highly selective forces exist in the sap fluxes of Maclura tinctoria growing in tropical forests of Central and South America. As in the case of M. tinctoria, we do not know whether the supposed selective forces act at the level of yeast-vectoring insects or at the level of the microbial communities inhabiting the tree exudates. It is also noteworthy that no K. pastoris strain was isolated from any of the P. alba exudates irrespectively from the location of the trees, although this species was frequently isolated from tree exudates as well as from rotten wood samples of other tree species in Hungary, including maple (Acer spp.), oak (Quercus spp.), birch (Betula pendula), beech (Fagus sylvatica), larch (Larix decidua), willow (Salix sp.) and hornbeam (Carpinus betulus) . It seems that in the exudates of white poplar, K. pastoris is replaced by other yeasts, including K. pseudopastoris, a species which, most probably due to its sensitivity to tannic acid, was recovered neither from tree exudates nor from rotten wood of oak trees in Hungary .
Latin diagnosis of Ogataea populialbae Pe Ł ter, Tornai-Lehoczki & Dlauchy sp. nov.
In extracto malti post dies tres in 25 1C pellicula tenuissima formatur. Cellulae sunt spheroidae, ovoidae vel ellipsoideae (2.0-6.0 Â 3.0-6.0 mm), singulae, binae vel racemis parvis conexae, undique gemmantes. Pellicula non continua et ascendens formatur. In agaro malti post dies tres in 25 1C cultura butyrosa, cremea, glabra, et leviter nitida est. Colonia plana est, margine integro. In agaro Zea maydis confecto post dies 7 in 25 1C nec pseudohyphae nec hyphae formantur. Species homothallica. Asci conjugati vel inconjugati et 0.01 Fig. 1 . Phylogenetic tree showing the placement of Ogataea populialbae (bold) and some closely related species based on analysis of the D1/D2 domain of the large subunit rRNA gene. Sequences not generated during this study were obtained from GenBank. The tree was constructed by neighbor-joining analysis of aligned sequences. Numbers at the nodes indicate the bootstrap values from 1000 replications (frequencies of o 50% are not shown). The scale bar shows the proportional sequence divergence.
deliquescentes, 1-4 ascosporas petasoformis, liberas habent. 
Growth in 5% malt extract
After 3 days at 25 1C, cells are spheroid, ovoid or short ellipsoid, 2.0-6.0 Â 3.0-6.0 mm. Vegetative reproduction proceeds by multilateral budding. Cells occur singly, in pairs and in small clusters (Fig. 2 ). An incomplete climbing film and a loose sediment are present.
Growth on 5% malt extract agar
After 3 days at 25 1C, the streak culture is butyrous, cream colored, smooth, semi-glistening and flat. The margin is entire.
Slide culture on cornmeal agar
After 7 days at 25 1C, neither pseudohyphae nor septate hyphae are formed.
Formation of ascospores
Asci are either unconjugated or conjugation of independent cells precedes spore formation. One to four easily liberating hat-shaped ascospores are formed per ascus (Fig. 3) . Onespored asci are very rare. Sporulation in monosporic cultures obtained from four-spored asci is present, suggesting homothallism. At least weak sporulation was observed on at least one of the following sporulation media within 3 weeks 
Physiological characteristics
The results of the physiological characteristics tested are shown in Table 3 .
Type
The type strain was recovered from the exudate of a white poplar (P. alba, Salicaceae), in the Szentendre Island, Hungary and is maintained as NCAIM Y.01853 T (CBS 11363, NRRL Y-48632) in the National Collection of Agricultural and Industrial Microorganisms, Budapest (Hungary). 
Etymology
The species epithet populialbae refers to the isolation source (P. alba) of the strains of the new species.
